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\ In any circuit which uses a time reference 
signal, there wfll be the possibDity of a temporal 
shift between the time reference signal and 
absolute time. In the prior art there is described 
circuits for adjusting the frequency of the time 
reference signal to convert the temporal shift 
Such circuits apply the adjustment at one point 
in a given time period. This has now been found 
to adversely affect the smooth operation of 
external components which rely on the time 
reference signal. 

The present invention discloses a digital trim- 
ming circuit which applies any correction re- 
quired a little at a time and throughout the 
digital trinuning period T. 
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The present invention relates to a digital trimming 
circuit for correcting tennporal shift of a time reference 
signal with regard to absolute time and in particularto 
a time reference signal In an IC (hitegrated circuit) 
used in a watch. 

In any circuit which includes the use of a time ref- 
erence signal, there will be the possibility of a tempo- 
ral shift between the time reference signal and the ab- 
solute time. Accordingly, in those applications where 
accuracy is paramount, correcting methods are enr>- 
ployed. One such application is in a conventional IC 
used in a watch. In this instance a time reference sig- 
nal is outputted from an oscillator circuit. One correct- 
ing method, known as the digital trimming method, 
has t>een employed. In this method the time refer- 
ence signal or the fundamental signal which is typical- 
ly derived from a frequency-divided signal Is expand- 
ed/compressed only by a required correction amount 
(digital trimming anrwunt) during a predetermined cor- 
rection period (digital trimming period). 

In Fig. 1 3, there is shown a d^ltal trimming circuit 
for employing this conventional digital trimming meth- 
od. This conventional digital trimming circuit includes 
an oscillator corcuit 10 oscillating at a frequency fo of 
typically 32 KHz as a basic oscillation; a variable fre- 
quency dividing circuit 20 constructed of 1/2-frequen- 
cy dividers 22, 24 and 26 with set data functions; a fre- 
quency dividing circuit 30 for obtaining a time refer- 
ence signal St from the variable frequency dividing 
circuit 20; and a digital trimming period forming circuit 
40 for forming a digital trimming period signal Sp 
based on the signal from the frequency dividing circuit 
30. The digital trimming circuit further includes a dig- 
ital trimming execution timing signal forming circuit 50 
for forming a digital trimming timing signal VOW 
based upon the digital trimming period signal Sp and 
the t>aslc osdilation clock fo; correction data supply- 
ing means 60 for supplying, for example, 3-bit correc- 
tion data (CBA)2; and a firequency division rate setting 
circuit 70 for sending the correction data (CBA)2 into 
set inputs S of the 1/2-frequency dividers 22, 24, 26 
upon generati'on of the digital trimming execution tim- 
ing signal VOW. The digital trimming execution timing 
signal farming circuit 50 includes a latch 52 for receiv- 
ing the digital trimming period signal Sp as the data 
Input D when the dock input CL is under a high level 
(which will be referred to hereinafter as a H level), for 
transferring this data input to the invert output XM, 
and for maintaining the invert output XM when the 
clock Input CL is under a low level (which will be re- 
ferred to hereinafter as a L level). The digital trimming 
execution timing signal further includes a NOR gate 
54 for receiving as an input the digital trimming period 
signal Sp and the invert output XM. The frequency div- 
iding ratio setting circuit 70 is formed by a numt>er of 
AND gates 72. 74 and 76. 

Nornnally, the time period T of the digital trimming 
period signal Sp Is a relatively long time period: typi- 



cally anywhere between several seconds to several 
hundreds of seconds. As shown in Fig. 14, the digital 
trimming period signal Sp is obtained by frequency 
dividing the output signal (4 KHz) of the 1/2-frequency 
5 divider 26 by the firequency dividing circuit 30. When 
the signal level of this digital trimming period signal Sp 
is changed from the H level to the L level, all of 32 
KHz-signal, 16 KHz-slgnal, 8 KHz-signal, and 4 KHz- 
signal are atthe Llevel. The signal level of the digital 
10 trimming period signal Sp is at the H level, and simi- 
larly the signal level of the basic oscillation frequency 
fo, which is applied to the dock input CL, Is at the H 
level just before this change of the falling edges from 
H to L levels. Consequentiy, the signal level of the In- 
15 vert output XM of the latch 52 is at the L level. Then, 
during a t/2 time period (1/2 time period ) where the 
basic oscillation frequency fo is at the L level, after the 
digital trimming period signal Sp changes from the H 
level to the L level, the signal level of the invert output 
20 XM is maintained at the L level. As a consequence, 
the digital trimming execution timing signal VOW has 
the H level over this 1/2 time period. 

If the signal state of the digital trimming timing 
signal VCW is at the H level, then the correction data 
25 can be applied to the variable firequency dividing cir- 
cuit via the frequency division rate setting circuit For 
example let the correction data (CBA)2 be (011)2. In 
this instance, the content of the variable firequency 
dh^iding circuit 20 is set to the condition of the point 
30 P during this t/2 time period. If, for example, the cor- 
rection data (CBA)2 is (111)2, then the content of the 
variable frequency dividing circuit 20 Is set to the con- 
dition of the point Q during this t/2 time period. As a 
consequence, when the variable frequency dividing 
35 circuit 20 is set to the point P, the period reference sig- 
nal St is shortened by a digital trimming amount Tp. 
Thus when the basic frequency fo= 32 KHz, Tp = (1/32 
KHz) X 3 = 92 microseconds of digital trimming with 
respect to the digital trimming time period. Also, when 
40 the variable frequency dividing circuit 20 is set to the 
point Q. the period reference signal St is shortened 
by a digital trimming amount Tq. In this case Tq = 
(1/32 KHz) X 7 = 214 microseconds of digital trimming. 
For the sake of an easy understanding of this pri- 
45 or art circuit, the correction data has 3-bits. However, 
actually this correction data is in the order of 5 bits. 
In this case, the maximum digital trimming amount 
reaches 0.98 milliseconds. 

In general assume that a value of the correction 
so data is selected to be K, a digital trimming amount AT 
is given by the following equation: 
AT = Kxt (1). 
For instance, In the case of N-bit correction data, 
the correction data value K is 0 through 2^-1. 
55 As a consequence, rate r\ corresponding to the 

digital trimming amount within a time period is gh^en 
by the following: 

11 = AT/T = Kxt/T (2). 
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Also, the minimum rate ^ corresponding to the 
minimum digital trimming rate is given by the following 
equation: 

^ = t/T (3). 
The following problems have been identified with 
the above-described circuit One problem is that 
there is a digital trimming amount AT for each digital 
trimming time period T. If the digital trimming amount 
AT becomes large, then the time reference signal is 
considerably expanded/compressed when the opera- 
tion is being executed. As a consequence, if the time 
reference signal is used to dock a motor drive pulse 
output or an acoustic output, then the changes would 
be superimposed from the digital trimming which re- 
sults in the waveforms of the respective output pulses 
being changed and so which may cause instability of 
the motor drive and the acoustic outputs to be inter- 
rupted. To avoid such a problem, one can withhold ap- 
plying the digital trimming to the motor drive pulse 
outputs and the acoustic outputs. However, in many 
applications, such as a watch having a chronograph 
function in which a motor must be rotated at a fast time 
period for a long time, or a multl-hand/multi-motor 
watch in which a plurality of motors are controlled In 
an asynchronous mode are realised, or a watch hav- 
ing a melody output in which an acoustic output is con- 
tinued for a long time, incorrect time reference fre- 
quency for a long period of time may cause problems. 
As a consequence, the digital trimming cannot be ap- 
plied at all or their application means that the opera- 
tions are interrupted. Therefore, in any case the time 
^ reference signal will drift from the basic time refer- 
ence signal. 

The present invention has been made in an at- 
tempt to solve the above-described problems, and 
therefore, has an object to provide a digital trimming 
circuit capable of achieving an optimum rate. Also the 
digital trimming circuit suppresses the expan- 
sion/compression amount of the time reference signal 
when the operation is t>eing carried out Accordingly 
there should be no interference occurring between 
the digital trimming and the operations dependent oh 
the time reference. 

According to the present invention there is pro- 
vided a circuit comprising: 

a digital trimming means for receiving a basic 
oscillation signal fo and for applying correction data 
(CBA; m, n) to said basic oscillation signal for digital 
trinruning thereof, and characterised by 

a digital trimming timing decision circuit cou- 
pled to said digital trimming means for receiving the 
co-rection data and for controlling said digital trim- 
ming means such that the digital trimming is effected 
throughout a digital trimming period T. 

Embodiments of the present invention. wQI now 
be described with reference to the accompanying 
drawings, in which: 

Fig. 1 is a schematic block diagram showing a cir- 



cuit according to a first preferred emtxxliment of 
the present inventk>n; 

Fig. 2 is a timing chart for illustrating the opera- 
5 tion of the first preferred embodinrtent; 

Fig. 3 is a schematic block diagram representing 
a digital trimming circuit according to a second 
preferred embodiment of the present invention; 
F^. 4 is a flow chart illustrating the operation of 
10 a microcomputer employed In the first preferred 
embodiment; 

F^. 5 is a schematic block diagram illustrating a 
digital circuit according to a third preferred env 
bodiment of the present invention; 
15 Fig. 6 is a timing chart iDustrating the operation of 

a binary rate multiplier in the third preferred em- 
bodiment; 

Fig. 7 is a timing chart iDustrating the operation of 
a synchronous differentiating circuit 244 em- 
20 ployed in the third preferred embodiment; 

F^. 8 is a timing chart illustrating a lead digital 
trimming operation in the third preferred emtxxli- 
ment; 

Fig. 9 is a timing chart Qlustrating a delay digital 
25 trimming operation in the third preferred embodi- 

ment; 

Fig. 10 is a schematic block diagram illustrating 
a digital trimming circuit according to a fourth en>- 
bodiment of the present invention; 
30 Fig. 11 is a timing chart illustrating the production 

of the digital trinruning timing signal ZDnm in the 
fourth preferred embodiment; 
Fig. 12 is a timing chart illustrating the operation 
of the dock selecting circuit in the fourth prefer- 
35 red embodiment; 

Fig. 13 is a schematic block diagram illustrating 
a conventional digital trimming circuit; and 
Fig. 14 is a timing chart illustrating the operation 
of the conventk>nal digital trimming circuit. 
40 Fig. 1 is a schematic block diagram Qlustrating a 

digital trimming circuit according to a first preferred 
embodiment of the present invention. This digital trim- 
ming circuit 100 includes an oscillator circuit 110 os- 
cillating at a basic osdilation frequency fo of typically 
45 32 KHz; a 1/2-frequency divider 120 with a data set- 
ting function for applying a digital trimming amount; 
two further 1/2-frequency dividers 132 and 134 and 
when fo = 32K for obtaining signals having frequen- 
cies of 8 KHz and 4 KHz; and a frequency dh^iding dr- 
50 cult 1 30 for frequency-diving the 4 KHz signal to ot>- 
tain a time reference signal Sr. The digital trimming 
circuit 100 further indudes: 

a digttal trimming period forming drcuit 140 for 
forming a digital trimming period signal based on 
55 the signal of the frequency dividing drcuit 1 30; 

a digital trimming timing dedsion drcuit 160 for 
produdng a digital trimming timing signal (pulse) Pr. 
the quantity of which corresponds to correction data 
within a digital trimming time period and which is 
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based upon the digital trimming period signal Sp. and 
for receiving a timing reference signal Sb having a 
shorter period than the period of the digital trimming 
period signal Sp and correction data (CBA)2 from the s 
correction data supplying means 150; and 

a digital trimming start control circuit 170 for 
supplying the 1/2-frequency divider 120 with the data 
set function to start the correction by feeding a digital 
trimming execution control signal Sc in response to io 
the digital trimming timing signal Pt and the basic 
clock fo. 

The digital trimming timing decisbn circuit 160 
comprises an AND gate 161 acting as an open/close 
circuit, for receiving the timing reference signal Sb in is 
response to a gate open/close controlling signal, and 
for outputting the digital trimming timing signal Pj over 
the signal passing time period; and a 3-bit down coun- 
ter 163 constructed of 1/2-frequency dh/iders 163a, 
163b. 163c with set/reset functions, which are reset' 20 
by the digital trimming time period signal Sp, and also 
performs the count down operation of the correction 
data (CBA)2 in response to the digital trimming timing 
signal Pj, The digital trnnming timing decision circuit 
160 further includes a correction data setting circuit 25 
164 constructed of AND gates 164a, 164b and 164c 
for transferring the correction data (CBA) of the cor- 
rection data supplying means 150 to the set terminal 
of the down counter 163. The correction data is trans- 
ferred when the level of a delay signal which is pro- 30 
duced from the digital trimming time period signal Sp 
via a delay circuit 165 is change from H to L. The dig- 
ital trimming timing decision circuit 160 further in- 
cludes an AND gate 166 functioning as a digital trim- 
ming cancel detecting circuit for causing t he detection 35 
output D to be H when all of the inverted outputs XQ 
from the respective 1/2-firequency dividers of the 
down counter 1 63 are H and an inverter 1 67 for Invert- 
ing the detection output D to obtain the gate open- 
ing/closing control signal for the AND gate 1 61 . 40 

The digital trimming start control circuit 170 com- 
prises a latch 172 for transferring the digital trimming 
timing signal Pt to the invert output XM when the data 
input D and the level of the dock input CL becomes 
H. and for maintaining the invert output XM even 4S 
when the level of the clock input CL becomes L. The 
digital trimming start control circuit also comprises a 
NOR gate 174 for inputting therein both of the digital 
trimming timing signal Pt and the invert output XM 
and for outputting the digital trimming execution con- so 
trd signal Sc. 

The purpose of the delay circuit 165 is provided, 
so as to give a time difference to allow the correction 
data (CBA)2 to be set after the down counter 1 63 has 
been reset. It should be understood that the correc- 55 
tion data supplying means 150 may be constituted by 
a means for converting the correction data into data 
in a form of binary notation (CBA)2, given from an ex- 
ternal operation member. The correction data thus 



comprises a signal input unit, a switch group for form- 
ing binary-notation (CBA)2 form logic, and a network 
of connection/disconnection wires. 

In general the time period T of the digital trimming 
period signal is a relatively long time period typi- 
cally ranging from several seconds to several hun- 
dreds of seconds. Both of the digital trimming periods 
signal Sp and the timing reference signal Sb are ob- 
tained by frequency-divkJing the output firom the 1/2- 
frequency divkfer 1 34 by the frequency dividing circuit 
130. 

To facilitate understanding of the operation inthis 
first preferred embodiment reference is made to Fig. 
2. The digital trinvning period signal Sp is set to 125 
Hz, and the timing reference signal Sb is set to 2 KHz. 
The correctk>n data (CBA)2 is selected to be (101)2. 
When the signal level of the digital trimming period 
signal Sp changes from H to L, all the signal levels of 
the basic frequency fo. the outputs of the frequency 
dividers 120. 132, 134, and the timing reference sig- 
nal Sb are at the L state. Now, If the signal level of the 
d^ltal trimming period signal Sp changes from H to L, 
since the 3-bit correction data (101)2 is set to the 
down counter 163, the invert output XQ of the 1/2-fre- 
quency divider 163a is at L level, the input output XQ 
of the 1/2-frequency divider 163b is at H level, and 
also the invert output XQ of the 1/2-frequency divider 
163c is at L level. With these signal conditions, the 
signal level of the detection output D from the AND 
gate 166 changes from H to L and the gate open- 
ing/closing control signal G changes from a L into H 
state, so that the AND gate 161, which functions as 
the opening/dosing circuit, is opened. As a conse- 
quence, the timing reference signal Sb passes 
through the AND gate 161 to become the digital trim- 
ming timing signal Pt- This timing signal Pt is supplied 
to the down counter 163 as a dock input and to the 
digital trimming start control circuit 170 as an input 
signal. Every time the pulses of the digital trimming 
timing signal Pt are entered into the down counter 
163, the count down operation Is performed, so that 
the count values are changed from (101)2 through 
(100)2 (011)2, (010)2, (001)2 to (000)2- When the fifth 
timing pulse is supplied to the down counter 163. the 
count value becorr^s (000)2. Thus the invert output 
XQ of the 1/2-frequency dh/ider 163a at this instant 
becomes H level, the invert output XQ of the 1/2-fre- 
quency divider 163b maintains H level, and the invert 
output XQ of the 1/2-frequency dhfider 163c becomes 
a H level. The signal level of the detection output D 
of the AND gate 1 66 changes from a L level to a H lev- 
el, so that the signal level of the gate opening/dosing 
control signal G changes from a H level to a L level. 
As a consequence, the AND gate 161 is dosed, stop- 
ping the timing reference signal Sb from passing 
through this AND gate. As described above. 5 pulses 
of the digital trimming signal Pt are outputted be- 
tween the AND gate 161 opening and dosing. 



300C1D:<EP 066638aA2 I > 



7 



EP 0 566 398 A2 



8 



When the signal level of the d/t timing signal Pt 
changes from a H level to a L level, the basic clock fre- 
quency fo is at a L state. Prior to this falling edge the 
. digital trimming timing signal Pt is at the H level and 
. similarly the basic escalation dock fo functioning as 
the dock input CL is at the H state and accordingly 
the signal level of the invert output. XM of the latch 
1 72 is at the L state. Then, during the time period t/2 
(1/2 time period) when the signal level of the digital 
triirvning timing signal Pt changes from the H level to 
the Llevel, and the signal level of the basic osdilation 
dock fo is at the L level, the L level of the invert output 
XM is maintained. Thus the digital trimming execution 
control signal Sc has a H level over the t/2-time peri- 
od. That is to say only during a half period of this basic 
oscillation period. 

When the digital trimming execution control sig- 
nal Sc with the H level Is supplied to the set input of 
the 1/2-frequency divider 120 the data set function is 
set to 1 and the signal level of the output Q, rather 
than changing from the H level to the L level, is main- 
tained at the H level and so shortened only by 1 time 
period of the basic osdilation dock fo. Similarly, the 
basic oscillation dock fo is shortened by 1 time period 
In response to the second, third, fourth and fifth dig- 
ital trimming execution control signal Sc. When the ba- 
sic frequency = 32 KHz, the time perk)d is shortened 
by 30 microseconds with each pulse of the digital 
trimming execution control signal Sc. Overall, the t)a- 
sic osdilation dock fo is shortened by 5 x 30 = 1 50 mi- 
croseconds in response to the five digital trimming ini- 
tiations. As a result, the time reference Sf obtained by 
frequency-dividing this t>asic osdilation dock fo is 
shortened by 150 microseconds within 1 digital trinrv 
ming time period T. 

It should be noted that this total digital trimming 
amount within 1 digital trimming time period is 1 50 mi- 
croseconds and is not applied within 1 digital trimming 
initiation, but a plurality of digital trimming initiations 
are discretely or distributively allocated with 1 time 
period. Moreover, the digital trimming initiations need 
not be applied at equal intervals throughout one time 
period, merely distributed throughout In this prefer- 
red embodiment, five sets of the digital trimming ini- 
tiations in total are carried out for each time interval 
of the timing reference signal Sb within 1 digital trim- 
ming time period in accordance with the correction 
data (101)2. As a consequence, the digital trimming 
amount for 1 digital trinming initiation nnay be select- 
ed to be 1/5 of the total digital trimming amount, i.e., 
30 microseconds. Thus, it is possible to neglect such 
adverse influences caused by digital trimming correc- 
tion on systems such as a dock. 

In a conventional system, the motor driving pulse 
typically has a pulse width of 3.9 milliseconds being 
continuously outputted at a rate of 1 28 pulses per sec- 
ond. If a 5-bit conventional digital trimming operation 
is performed, the pulse width of the motor driving 



pulse, or the pulse interval thereof, is varied by 0.98 
milliseconds at most This variation corresponds to 
25% of the pulse width, or the pulse interval, and is 

5 not acceptable considering the stability of the motor 
drive. However, if the timing reference signal Sb is se- 
lected to be 128 Hz, and a. single digital trimming 
amount is set to 30 microseconds, the resultant ad- 
verse influence is reduced to 0.78%. Thus the short- 

10 ening/expanding amount of the pulse width, or the 
pulse interval is negligible. As a consequence the dig- 
ital trimming of the timings in the system can be ef- 
fected, and therefore the setting operation can be im- 
proved. 

15 Although the digital trimming timing decision cir- 

cuit 160 is constructed of 1/2-frequency dividers and 
the like, this decision circuit may be formed from shift 
registers. Also, as will be discussed later, the digital 
trimming timing decision circuit 160 may be formed 

20 from a microcomputer (CPU) together with the digital 
trimming period forming drcult 140. Further, the dig- 
ital trimming start control drcuit 170 in the at>ove- 
described first preferred emt>odiment is formed from 
the latch 172 and the NOR gate 174. However, this 

25 contrd circuit 170 is not limited thereto, tnjt may t^e 
constructed of a delay means for slightiy delaying the 
phase of the digital trimming timing signal Pt with re- 
spect to the phase of the t>ask; oscillatton dock fo and 
an exdusive OR gate for producing the digital trinv 

30 ming execution control signal Sc from the delayed dig- 
ital triming timing signal and the basic osdilation dock 
fo. Furthermore, in this preferred embodiment, the 
digital trimming operation with the minimum digital 
trimmhg amount (when the time period t of basic os- 

36 cillation dock = 30 microseconds) is performed by 
way of a single stage 1 /2-frequency divider 1 20. Alter- 
natively, a number of 1/2-frequency dividers may t>e 
used but with no adverse influence on the system and 
the digital trimming amount may be increased. In ad- 

40 dition, the digital trimming operation of this preferred 
embodiment has been described in terms of a time re- 
duction in order to correct time delays. Alternatively, 
if the variation of the digital trimming timing signal Pt 
is synchronised with the rising edge (L level to H level) 

45 of the frequency divider so that a time lead may k>e 
corrected. In this case, it is necessary to also simul- 
taneously reset the frequency dh^ider 1 32 in response 
to the digital trimming execution control signal Sc in 
order that the adverse influences of the variation (H 

50 level to L level) are not given to the succeeding fre- 
quency divider. Also although 32 KHz is used as the 
osdilation frequency of the basic oscillatton dock In 
this preferred embodiment, the present invention is 
not limited to this oscillation frequency. Any other os- 

55 cillating drcuits capable of osdilating at frequencies 
higher than, or lower than this 32 KHz may be env 
ployed so as to provide the basic oscillation dock. 

A second preferred embodiment will now be de- 
scribed. In this case the at>ove-described digital trinv 
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ming timing decision circuit 160 and digital trimming 
period forming circuit 140 are constructed by a micro- 
computer with remaining components similar to those 
of the first preferred embodiment. Fig. 3 is a schemat- s 
ic block diagram illustrating a logic digital trimming cir- 
cuit 200 employing a microcomputer. It should be not- 
ed that the same reference numerals as shown in Fig. 
1 will be employed for the same circuit portions in the 
following drawings, and the explanations thereof are io 
omitted. 

In this example, a microcomputer 180 is con- 
structed of a core CPU 182, a ROM (read-only mem- 
ory) 184 proving a program memory or the like, and 
a RAM (random access memory) 186 providing a is 
counter or the like. This microcomputer 180 provides 
the respective functions of the digital trimming timing 
decision circuit 160 and the digital trimming period 
forming circuit 140 in the first preferred embodiment. 
A timing reference signal Sb is inputted from a fire- 20 
quency dividing circuit 130 to the core CPU 182.The 
digital trimming period signal Sp having a time period 
N-times higher than that of this timing reference sig- 
nal Sb (N being an integer), and other signals are pro- 
duced within the microcomputer 180. The correction 25 
data in the form of serial data, or parallel data derived 
from the correction data supplying means 150 is in- 
putted into the microcomputer 180. The digital trim- 
ming timing signal Pj is outputted to the digital trim- 
ming start control circuit 1 70 firom the microcomputer do 
180. 

^ Fig. 4 is a flow chart for representing the opera- 
tion of the microcomputer according to this second 
preferred embodiment. At a first step a of this flow 
chart, the core CPU 180 reads the correction data, 35 
and stores a digital trimming initiation nurnber n to be 
executed within 1 digital trimming time period in a dig- 
ital trinnming Initiation number counter. At the next 
step b, a time measuring process is carried out. This 
time measuring process derives the time reference 40 
signal Sj by counting during the digital trimming time 
period, and also during the timing reference signal Sb. 
At the next step c, a Judgement is made whether or 
not the digital trimming time period has elapsed. If the 
digital trimming time period has not yet elapsed then 45 
a digital trimming end flag is set OFF at the subse- 
quent step d, and the process returns to the previous 
step b to continue counting. If however a judgement 
Is made that the digital trimming time period has 
elapsed, then a check is made to see whether the dig- so 
ital trimming end flag is turned ON at a step e. If the 
digital trimming end flag is ON, then the process re- 
turns to the previous step b. Conversely, if the digital 
trimming end flag is OFF, then a judgement is made 
as to whether or not the digital trimming timing period 55 
has elapsed at a further step f. At this step f, when it 
is judged that the digital trimming timing period has 
not yet elapsed, the process returns to step b. How- 
ever, when It is Judged that the digital trimming timing 



period has elapsed, then another judgement is made 
at a step g as to whether or not the digital trimming 
initiation number n is equal to zero. If It is established, 
at this step g, that this initiation number n Is not equal 
to zero, one digital trimming timing signal Pj is output- 
ted to the digital trimming start control circuit 170 at 
a step h. Correction of the time reference is thus car- 
ried out. After this process defined at step h has been 
executed, the initiation number is reduced by 1 at a 
step i and then the process returns to step b. n timing 
signals Pj are sent out until the initiation counter 
reaches zero. Accordingly, it is Judged that n = 0 at 
step g, and the digital trimming end flag is then set to 
ON at step j. After the process defined at step j has 
been executed, the content of the digital trimming ini- 
tiation number counter is set to n at step.k in order to 
return to the initial number. Thereafter, the process 
returns to step b. 

As described at>ove, a microcomputer may form 
the digital trimming timing decision circuit 160 and the 
digital trimming period forming circuit 140 to provide 
the timing controls. 

Fig. 5 Is a schematic block diagram Illustrating a 
digital trimming circuit according to a third preferred 
embodiment of the present invention. A digital trim- 
ming circuit 200 according to this preferred embodi- 
ment includes an oscillator circuit 110 oscilating at a 
frequency of preferably 32 KHz as a t>asic oscillation 
frequency fo; a variable frequency divider 220 func- 
tioning as a digital trimming amount applying means, 
for producing a time reference signal Sy based upon 
this basic osciDation firequency fo; and a digital trim- 
ming timing decision circuit 240 for producing a digital 
trimming timing (pulse) signal Pj, The number of puls- 
es of Pt corresponds to digital trimming data (CBA)2 
within 1 digital trimming time period based upon both 
of the basic oscillation frequency fo and the digital 
trimming data CD=(CBA)2 from the correction data 
derived from the correction data supplying means 
150. FurthernfKm, this digital trnmming circuit 200 
employs a digital trimming start control circuit 260 for 
designating a frequency division ratio of the frequen- 
cy divider 220 based upon delay-speed designation 
data (V)2 and the digital trimming timing signal Prfirom 
the correction data. 

The variable frequency divider 220 corresponds 
to a down counter with a data set function and in- 
cludes a dock input for the basic oscillation firequen- 
cies fo; 3-bit data set inputs A, B, C; 3 bit count outputs 
Qa. Qb« Qc; a zero signal output CO for outputting a 
signal wit h a H level when the count value is zero; and 
a load input LD into which an invert signal CO of zero 
signal CO is inputted via an inverter 222. From this 
zero signal CO of the variable firequency dhfider 220, 
a time reference signal Sj is derived. Normally, the 
variable frequency divider 220 operates as a 1/4-fre- 
quency dh^ider, but may also operate in any one of 1/3 
frequency dh/ision and 1/5 firequency division being 



11 



EP0 566 398 A2 



12 



inserted instead of the 1/4-frequency dividing opera- 
tion. The division being set in response to the value 
of the delay-speed designation data, as will be dis- 
cussed later. ^ 

The timing decision circuit 240 comprises a pulse 
generation circuit 242 for generating digital trimming 
timing pulses CT at substantially equilntervals within 
each time period T and a synchronous differentiate 
circuit 244 for producing one digital trinrmiing timing io 
signal Pt in detection of the rising edge of the digital 
trimming timing pulse CT. The pulse generation circuit 
242 comprises a frequency divider 242a for frequen- 
cy-dividing the basic oscillation dock fo by 1/2^^ to 
produce a 1 Hz-pulse reference dock CL<^1, and also is 
a binary rate multiplier (BRM) 242b for deriving the 
output pulse CT: the number of which is set by the dig- 
ital trimming data (CBAfc, within each digital trimming 
time period T (namely, a period of 8 reference docks 
CL4»1 in this preferred embodiment). The synchron-' 20 
ous differentiating circuit 244 comprises a first-staged 
D flip-flop 244a having an invert signal CO of the zero 
signal as a dock input, and the digital trimming timing 
pulse CT as a data Input D; a second-staged D flip- 
flop 244b has the Q output of the first D flip-flop 244a 25 
as a data input D. and the invert signal CO as a dock 
input; and furthermore an AND gate 244c having the 
Q output of the second staged D flip-flop 244b as a 
Q2 input to produce the digital trimming timing signal 
Ft. 30 

Referring now to the timing charts shown in Figs. 
6 to 9, the operations of the atx>ve-described prefer- 
red embodiment will be explained. The frequency div- 
ider 242a frequency divides the t>asic oscillation dock 
fo by 1/2^5 to produce a pulse reference dock CL^I, as 
as shown in Fig. 6, and supplies this reference dock 
to the binary rate multiplier (BRM) 242b. It should be 
noted that a time period during which 8 reference 
clocks CL<|>1 are generated, corresponds to 1 digital 
trimming time period T = 8t. The rate multiplier (BRM) 40 
242b outputs the digital trimming timing pulse CT, the 
pulse number of which corresponds to the number of 
the digital trimming data CD = {CBAh with respect to 
the 8 reference docks. 

When the digital trimming data CD = 1, namely 4S 
(CBA)2 = (001)2. 

only the 5th reference dock 01-4)1 is derived. 

When the digital trimming data CD=2, namely 
(CBA)2 = (010)2. 

only the 3rd and 7th reference docks 0^4^ are so 
derived. 

When the digital trimming data CD is equal to 3, 
namely (CBA)2 = (011)2, 

the 3rd, 5th and 7th reference clocks CL4I are 
derived. 55 

When the digital trimming data CD is equal to 4, 
namely (CBA)2 = (100)2. 

the 2nd. 4th, 6th and 8th reference docks 
CL^I are derived. 



When the digital trimming data CD = 5, namely 
(CBA)2 = (101)2. 

the 2nd, 4th. 5th, 6th and 8th reference docks 
CL^I are derived. 

When the digital trimming data CD = 6, namely 
(CBA)2 = (110)2. the 2nd. 3rd. 

4th, 6th, 7th and 8th reference docks CLi|)1 
are derived. 

When the digital trimming data CD = 7. namely 
{CBAh = (111)2. the 2nd. 3rd, 

4th, 5th, 6th, 7th and 8th reference docks 
CL^I are derived. 

The rate multiplier 242b produces a predeter- 
mined number of pulses within each digital trimming 
time period T. and divides each digital trimming time 
period T, so that the pulses are ou^utted at substan- 
tially equilntervals. The invert signal CO of the zero 
signal CO from the variable frequency divider 220 is 
applied to the dock inputs of the D flip-flops 244a and 
244b of the synchronous differentiate drcuit 242. As 
will be discussed, normally, this Invert signal CO cor- 
responds to a 1/4-frequency division signal. When the 
output pulse CT of the rate multiplier 242b is pro- 
duced, the D flip-flop 244a stores the output pulse CT 
and generates a waveform Q1 as shown in F^. 7. 
Also, the D flip-flop 244b stores the waveform Q1 
and generates a waveform Q2 from the Q output, as 
shown in Fig. 7. It should be noted that since the fall- 
ing edge of the waveform Q2 contains 1 dock delay 
with respect to the rising edge of the waveform Q1, 
the pulse width of the digital trimming timing signal Pt 
outputted from the AND gate 244c corresponds to 1 
clock period of the invert signal CO. 

As descrit>ed above, the pulse width of the pulse 
CT generated from the rate multiplier (BRM) 242b is 
compressed by the synchronous differentiate circuit 
244, thereby generating the digital trimming timing 
signal Pt- 

As represented in Fig. 8. when the delay speed 
data (V)2 derived from the correction data supplying 
means 150 is equal to (0)2. the level of the digital trim- 
ming timing signal Pt is U and the logic value of 
(CBA)2 - (011)2. The digital trimming start contrd dr- 
cuit 260 issettothe down counter 222 a s an initial val- 
ue at the rising edge of the invert signal CO. As a con- 
sequence, every time the basic oscillation dock fo is 
inputted, the count value (Qc. Qb. Qa) is shifted from 
(011)2. but is again set to the initial value (011)2 each 
time the zero signal CO is produced. Accordingly the 
variable frequency divider 220 performs 1/4-frequen- 
cy division when the delay speed data (V)2 is equal to 
(0)2 and the level of the digital trimming timing signal 
Pt is L 

When the delay speed data (V)2 is (0)2 and the 
level of the digital trimming timing signal Pt goes to H 
level, as Indicated in Fig. 8, the logic value (CBA)2 of 
the digital trimming start control drcuit 280 becomes 
equal to (010)2. This logic value (010)2 set to the 
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down counter 222 as an initial value at the rising edge 
of the invert signal CO. As a result, every time the ba- 
ste oscillation clock fo is inputted the count value (Qc, 
Qb. Qa)2 is shifted from the (01 0)2 via (001)2 to (000)2, 
and is again set to the initial value of (010)2 at the sut>- 
sequent dock on the occurrence of the zero signal 
CO. Thus, when the delay speed (V)2 is (0)2 and the 
level of the digital trimming timing signal Pj go to H, 
the variable frequency divider 220 executes a 1/3-fre- 
quency dividing operation only once. 

As described above, the time reference signal Sj 
is shortened only by 1 time period of the basic oscil- 
lation clock in accordance with a single 1/3-frequency 
dividing operation in response to a single digital trim- 
ming timing signal Pt- As a result, when n digital trim- 
ming timing (pulse) signals Pj are produced within 
each digital trimming time period T. the quickening 
digital trimming operation is carried out only n times 
within each digital trimming time period T. In this way 
this preferred emtxxliment can achieve advantages 
similar to that of the first and second preferred em- 
bodiments. Moreover, according to this preferred em- 
bodiment, since the rate multiplier 242b is employed 
so as to produce the digital trimming timing signal Pj 
atequiintervals within each digital trimming time per- 
iod, there is another merit in that a plurality of the dig- 
ital trimming operations can be equally dispersed 
within each digital trimming time period. This is in con- 
trast to the prior art where a plurality of digital trim- 
ming operations are concentrated at the beginning of 
the digital trimming time period. Accordingly any ad- 
' verse influence may be even further mitigated. 

Next, when the delay-speed data (V)2 supplied 
from the correction data supplying means 150 is (1)2, 
and the level of the digital trimming timing signal Pj 
is L. as shown In Fig. 9. the logic value (CBA)2= (011)2 
of the digital trimming start control circuit 260 is set as 
an initial value to the down counter 222 at the rising 
edge of the invert signal CO. As a result, every time 
the basic oscillation dock fo is inputted, the count val- 
ue (Qc Qb Qa) is shifted from (011)2 via (010)2 and 
(001)2 to (000)2, and is again set to the initial value 
(011)2 in response to the subsequent occurrence of 
the zero signal CO. Accordingly, when the delay 
speed data (V)2 is (1)2 and the level of the digital trim- 
ming timing signal Pt is L, the variable frequency div- 
ider 220 performs 1/4-frequency dividing operation. 
That is to say when the level of the digital trimming 
timing signal Pt is L, the variable frequency divider 
220 performs 1/4 frequency division irrelevant of the 
level of the delay speed data (V)2- 

When the delay speed data (V)2 is equal to (1)2 
and the level of the digital trimming timing signal Pt 
goes H, as represented In Fig. 9, the logic value 
(CBA)2 = (1 00)2 of the digital trimming start control cir- 
cuit 260 is set to the down counter 222 as the initial 
v£riue at the rising edge of the invert signal CO. As a 
consequence, every time the basic oscillation dock fo 



is inputted, the count value (Qc Qb Qa) is shifted from 
(100)2 via (011)2. (010)2. (001)2 to (000)2. Then, this 
count value is again set to the initial value (100)2 in 

5 response to the subsequent zero signal CO. Accord- 
ingly, when the delay speed data (V)2 becomes (1)2. 
and the level of the digital trimming timing signal Pt 
is H, t he variable frequency divider 222 performs the 
1/5-frequency dividing operation only once. Thus, the 

10 time reference signal Sj is expanded only by 1 time 
period of the basic oscillation clock fo in accordance 
with a single 1/5-frequency dividing operatk>n by a 
single digital trimming timing signal Pt. As a result, 
when n digital trimming timing signals Pj are pro- 
fs duced within each digital trinvning time period, a de- 
lay operation is carried out by n time periods of the ba- 
sic oscillatkjn dock fo within each digital trimming time 
period T. 

In accordance with this preferred embodiment, 
20 since the digital trimming timing signal Pt are gener- 
ated at substantially equiintervals a plurality of digital 
trimming operations can be equally dispersed within 
each digital trimming time period. This Is In contrast to 
the prior art where a plurality of digital trimming oper- 
as ations are concentrated at the initial stage of the dig- 
ital trimming time period. 

It should be noted that since a duty ratio of the 
zero signal CO from the variable firequency divider 
220 is not equal to 50%, there are some cases when 
30 this zero signal is not properly used as the dock of 
the time reference signal Sr. In such a case, the duty 
ratio of this zero signal CO is processed by a wave 
shaping circuit, or the like to be 50%, and this shaped 
zero signal may be used as the time reference signal 
35 St. In this third preferred embodiment, it is so ar- 
ranged that the digital timing signal Pt is produced: 
the number of pulses of which corresponds to the val- 
ue of the digital trimming data CD. Alternatively, since 
detection can be done by way of monitoring the digital 
40 trimming timing signal Pt, a process operation such 
as an interruption for other drcuit blocks may be per- 
formed. 

Fig. 10 is a schematic block diagram Illustrating 
a digital trimming circuit according to a fourth prefer- 

45 red emt>odiment of the present invention. A digital 
trimming circuit 300 is constructed of an oscillator dr- 
cuit 110 oscillating at a bask: oscillatk>n frequency of 
typically 32 KHz; a digital trimming applying circuit 
320 for executing a digital trimming operation on this 

so basic oscillation dock fo in response to a digital trim- 
ming timing signal ZDnm, thereby outputting a tinne 
reference signal St; a digital trimming period decision 
circuit 340 for outputting a period pulse ZDm from cor- 
rection data m (digital trimming period designation 

55 data) which is supplied from a correction data supply- 
ing means 150; and also a digital trimming timing de- 
cision circuit 360 for producing digital trimming timing 
signal ZDnm based upon both of the digital trimming 
period pulse ZDm and the correction data n (digital 
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trimming interval designation data) which Is derived 
from the correction data supplying means 150. 

The digital trimming applying circuit 320 compris- 
es a complementary output circuit 322 for outputting 5 
an In-phase dock 0I and a reverse phase dock 0I 
from the basic oscillation dodc fo; and a dock select- 
ing circuit 324 for selecting the in-phase dock 0I or 
the reverse phase dock 0I in response to the digital 
trimming timing signal ZDnm and for sending out the 10 
selected dock 0out as the time reference signal St- 
The digital trimming period decision circuit 340 oorrv 
prises a 1/m-frequency dividing drcult342functioning 
as a down counter with a preset function, into which 
an initial value m is set In response to the digital trim- is 
ming period pulse ZDm; and also a zero detecting cir- 
cuit 344 for detecting when the count value of this 
down counter becomes zero. The digital trimming tim- 
ing deciston circuit 360 comprises a 1/n-frequency 
dividing circuit362 functioning as a down counterwith 20 
a preset function, into which an initial value n is set in 
response to the digital trimming timing signal ZDnm; 
a zero detecting drcult 364 for detecting when the 
count value of this down counter t>ecomes zero; and 
also an OR gate 366 for producing the digital trimming 25 
timing signal ZDnm based upon the zero detection 
signal ZDn of the zero detecting circuit 364 and the 
digital trimming period pulse ZDm as the zero detec- 
tion signal. 

The initial value m is supplied from the correction 30 
data supplying means 150 to the 1/m-frequency div- 
iding circuit 342 which executes the count down op- 
eration upon receipt of the basic oscillation dock fo- 
When the count value becomes zero, the zero detec- 
tion signal ZDm Is generated from the zero detecting 3S 
circuit 344, so that the initial value m is again set to 
this l/m-firequency dividing circuit 342. As described 
above, as shown in Figure 11, the zero detection sig- 
nal ZDm is produced every time m pieces of basic os- 
cillation clocks fo are generated, which will then form 40 
a period pulse. On the other hand, the initial value n 
is also supplied from the correction data supplying 
means 150 to the 1/rv-frequency dividing circuit 362 
which will then execute the count down operation 
upon receipt of the basic oscillation clock f^. When the 4S 
count value of this down counter becomes zero, the 
zero detection signal ZDn is generated from the zero 
detecting circuit 364. so that the initial value n is not 
only set to this 1/n-frequency dividing circuit 362. in 
response to the zero detection signal ZDn, but also so 
the initial value m is set thereon in response to the 
digital trimming period pulse ZDm of the zero deted- 
ing drcuit 344. To produce the digital trimming timing 
signals ZDnm at sut>stantially equl-lntervals within 
each digital trimming time period T, the correction 55 
data m and n have the fdlowing relationship: 

(n X P) - m = r, 
where r indicates a minimum positive integer small 
than n, and^P denotes the number of digital trimming 



timing signals ZDnm generated within 1 digital trinv 
ming time period T. 

Assuming now that the correction data m is equal 
to 2^5 = 32768. as indicated in Figure 11, the digital 
trirrtming period pulse Is outputted from the zero de- 
tecting drcuit 344 when the 32768th basic osdllation 
dock is produced. In this case, the digital trimming 
operation is executed at the starting point of the dig- 
ital trimming time period T. When n = 1 6384. since the 
zero detection signal ZDn is also produced when the 
16384th basic osdllation dock fo is generated, p 2 
and r=0. As a consequence, the digital trimming- op- 
erations are executed at the starting point of the dig- 
ital trimming time period T and at t/2. When n = 10923, 
the zero detedion signal ZDn is produced when the 
10923rd and 21846th basic oscillation docks fo are 
produced, the digital trimming period pulse ZDm is 
produced before the 32769th basic oscillation dodc 
fo is generated. The interval between the 21 846th ba- 
sic osdllation dock and the start of the digital trim- 
ming time period, is shorter than the other pulse in- 
terval by only 1 basic oscillation dock. However, 
since this shorter interval corresponds to a difference 
of 1% of the time interval, it can be asserted that the 
digital trimming timing signals ZDnm are allocated at 
substantially equl-intervals. 

According to this fourth preferred emk>odiment, a 
plurality of digital trimming operations can be uniforno- 
ly dispersed within 1 digital trimming time period, 
since a number of the digital trimming operations are 
not concentrated at the beginning of the digital trinv 
ming time period, as compared with the prior art Fur- 
thernrK)re, the digital trimmings timing signal is not ob- 
tained by curtailing the input pulses as compared with 
the third preferred embodiment. The rounding effects 
of the digital trimming period pulse ZDn occur even 
when n=6554. 5462 and 4682 as shown in Figure 11. 
The rounding effects can become negligible by set- 
ting the value of m to a large value. 

The operation of the digital trimming amount ap- 
plying circuit 320 will now be described. As shown in 
Figure 12, in the dock selecting circuit 324, every 
time the digital trimming timing signal ZDnm is pro- 
duced, the output signal t>out Is changed. For in- 
stance, when the in-phase dock 0I has t>een seled- 
ed as the output signal 0out, if the digital trimming tinv 
ing signal ZDnm is inputted into the dock selecting 
circuit 324, the dock selecting drcuit 324 selects the 
reverse phase clock 0I as the output signal eout 
Similarly when the reverse dock 0T is inputted, the 
dock selecting circuit 324 selects the in-phase dock 
0I as the output signal eout The dock selecting dr- 
cuit 324 switches between the in-phase and reverse 
phase clocks when the output signal 0out is low. Ac- 
cordingly, the output signal oout when the change- 
over occurs, is extended by a half period (Tc/2) of the 
basic oscillation dodcfo. as shown in Figure 12. 

In the above-described first through third prefer- 
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red embodiments, the variable frequency divider has 
been employed as the digital trimming supplying 
means and the method for changing the frequency 
dividing ratio based on the digital trimming timing has 
been employed. In contrast, this fourth preferred em- 
bodiment employs a method whereby the output sig- 
nal is altered by a half of the dock time period in re- 
sponse to the changeover between the in-phase 
clock 0l and the reverse dock iT. As a result, since 
the minimum digital trimming amount does not corre- 
spond to 1 time period of the basic oscillatton dock, 
but a half period thereof, the effect of the digital trim- 
ming operation on the expansion/reduction ratio of 
the time reference signal may be further suppressed. 

As previously described In detail, in accordance 
with the present invention, a dtepersrve method Is 
employed in which a plurality of digital trimming oper- 
ations each with a little digital trimming are dispersive- 
ly executed within each digital trimming time period. 
To achieve this, there Is provided the digital trimming 
supplying means for executing the digital trimming 
operation with a predetermined digital trimming in re- 
sponse to the lnltiatk>n control signal. The digital trim- 
ming amount-to-pulse number oonverttng means for 
producing the initiation control pulse signal is also 
provided. The number of which corresponds to the 
correction data for designating the digital trimming 
which should be executed. As a consequence, since 
the initiation control pulse signals are obtained within 
1 time period, a plurality of operatbns are dispersively 
performed within 1 time period. The digital trimming 
, of the digital trimming applying means is coinddent 
with such a value calculated by dividing, for instance, 
the digital trimming to be operated within 1 time per- 
iod by the pulse number, so that the digital trimming 
required within 1 digital trimming time period is ap- 
plied. Thus the digital trimming can be coincident with 
the logic digital trimming rate required for the time ref- 
erence signal. Also, the expansion/ireduction amount 
for the time reference signal at the digital trimming 
timing can be suppressed. That is to say, since the op- 
eration with the minimum expansk)n/reductk>n 
amount corresponding to the time period of the basic 
osdilation signal can be realized, interference caused 
by the digital trimming timing may become negligible 
or greatly suppressed, in this case with the digital 
trimming amount-to-pulse number converting means, 
the digital trimming timing equal-allocating means is 
employed by which the initiation control signal is gen- 
erated at substantially equiintervals which may be 
calculated by dividing 1 digital trimming time period by 
the above-described pulse number, a plurality of dig- 
ital trimming timings are not concentrated into one 
portion of the digital trimming time period, but are dis- 
persed throughout. As a result, any adverse influ- 
ence applied to the output timing can be mitigated. 
Furthermore, because the complementary signal 
forming means for forming the in-phase signal and 



the reverse phase signal and also the signal selecting 
means for selecting the in-phase signal and the re- 
verse phase signal to be outputted are employed as 
5 the digital trimming applying means, then the digital 
trimming operation with the minimum digital trimming 
equal to a half time period of the original osdilation 
signal can be performed. Thus the above-descrit>ed 
advantages can be achieved. 
10 The aforegoing embodiments have been given by 
way of example only and it is to be appreciated by a 
person skilled in the art that modifications may be 
made without departing from the scope of the present 
invention. 

IS 

Claims 

1 . A circuit comprising: 

20 a digital trimming means (120, 132, 134; 

220; 320) for receiving a basic osdilation signal 
fo and for applying correction data (CBA; m, n) to 
said basic osclllatk>n signal for digital trimming 
thereof; and characterised by 

25 a digital trimming timing dedsion circuit 

(160; 180; 240; 340. 360) coupled to said digital 
trimming means for receiving the correction data 
and for controlling said digital trimming means 
such that the digital trimming is effected through- 

30 out a digital trimming period T. 

2. Acircuit as daimed in daim 1 , in whksh saki digital 
, brimming timing dedsion drcuit indudes a start 

control circuit (170; 260) coupled to the digital 
35 trimming means for starting the digital trimming. 

3. A circuit as daimed in daim 1 , in which sakI digital 
trvnmlng timing decision means indudes 

a switch (161) for generating a timing sig- 
40 nal Pt for said start control drcuit, coupled to a 

counter (163) for counting the digital trimming 
which is being effected. 

4. A circuit as daimed in any one of daims 1 to 3, in 
45 which said digital trimming means comprises a 

variable frequency divider. 

5. Acircuit as daimed in any of the preceding daims 
in which said digital trimming dedsion drcuit com- 

50 prises a microcomputer. 

6. A circuit as daimed in any one of daims 1 to 3 in 
which said digital trimming means comprises: 

complementary signal forming means 
55 (322) for forming an in-phase signal and a re- 

verse phase signal based upon sakI basic oscil- 
lation signal; and 

signal selecting means (324) for selective- 
ly outputting said in-phase signal or sakJ reverse 
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phase signal. 

7. A circuit as claimed In any one of claims 1 to 3, in 
which said digital trimming timing dedsion circuit s 
Includes pulse generation means (242) for gener- 
ating timing pulses CT at equiintervals through- 
out said d^ital trimming period T., 

8. A timepiece including a circuit as claimed in any io 
one of the preceding claims. 

9. A digital trimming circuit comprising 

digital trimming applying means (120, 132, 
1 34; 220; 320) for executing a digital trimming op- is 
eration with a predetermined digital trimming in 
response to a start control signal with respect to 
a time reference signal based upon basic oscilla- 
tion signal fo derived from an oscillation means 
(110); and 20 

digital trimming amount-to-pulse number 
converting means (160, 170, 180; 240;340) for 
producing a start control pulse signal within 1 dig- 
ital trimming time period, the number of which 
corresponds to correction data, based on the 25 
correction data for designating a digital trimming 
to be executed within 1 digital trimming time per- 
iod. 

10. - A circuit as claimed in daim 9, wherein said 30 

amount-to-pulse number converting means in- 
dudes: 

digital trimming interval decision means 
for produdng a timing reference signal having a 
time period shorter than said digital trinruning per- 35 
iod; and 

digital trimming timing decision means for 
outputting said start control signal at each time 
period, while counting the numt^er of the time per- 
iod for said timing reference signal until said num- 40 
bet reaches the pulse number corresponding to 
said correction data. 
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(54) A digital trimming circuit 



(57) In any circuit which uses a time reference signal, 
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